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157} ABSTRACT

A method of driving an electrochromic display means
and the electrochromic display means therefor which
includes an electrochromic display cell having a
counter electrode and a plurality of display electrodes,
and a constant voltage source coupled through switch-
ing means to the electrochromic display cell in such a
manner that the display electrodes to be colored are
maintained at the same potential as that of the counter
electrode, while the display electrodes to be erased are
impressed with a predetermined positive voltage with
respect too the counter electrode.

24 Claims, 13 Drawing Figures
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METHOD OF DRIVING ELECTROCHROMIC
DISPLAY MEANS AND ELECTROCHROMIC
DISPLAY MEANS THEREFOR

The present invention relates to a display means, and
more particularly, to a driving method for a display
means (so-called electrochromic display and referred to
as ECD hereinbelow) and display means therefor in-
cluding two substrates at least one of which is transpar-
ent, corresponding electrodes at least one of which is
also transparent and which are respectively provided
on the opposed surfaces of said substrates, and a sub-
stance (so-called electrochromic substance and referred
to as EC substance hereinbelow) whose visible light
absorbing characteristics reversibly vary depending on
voltage or current applied to said electrodes.

Recently, particular attention and interest have been
directed to the application of ECD which can be driven
at low voltage to display means especially for battery-
driven portable electronic appliances and the like.

In the first place, a general outline of the ECD will be
described hereinbelow. There have generally been
known two types of ECDs, 1.e., one type in which an
EC substance of liquid phase is oxidized or reduced
electrochemically for deposition of reaction product on
the electrode, and the other type in which an EC sub-
stance of solid phase provided on the electrode surface
1s oxidized or reduced to alter its visible light absorbing
characteristics for display. The latter type includes, for
example, a system employing a film of transition metal-
lic oxide such as WQO3 (tungsten oxide) together with
electrolyte, and disclosed in RCA review, 36, 177
(1975) by B. W. Faughnan et al.

The present invention relates to a method for driving
an ECD employing the system of the above described
type. Shown schematically in FIG. 1is a diagram show-
ing a fundamental construction of such an ECD cell
which includes a pair of opposed substrates 1 of insulat-
ing material, a display electrode 2 applied onto an inner
surface of one of the substrates 1, a counter electrode 3
applied onto an inner surface of the other of the sub-
strates 1 in a position adjacent to a reference electrode
4, spacers 5 disposed between the substrates 1, electro-
lyte 6 accommodated in a space between the substrates
1, films 7 of EC substance formed on the electrodes 2
and 3 respectively, and insulating films 8 formed on the
display electrode 2 to surround the film 7 of EC sub-
stance.

In FIG. 1, when current is caused to flow from the
counter electrode 3 to the display electrode 2, the ECD
1s colored corresponding to the amount of electrical
charge which has flowed (referred to as writing herein-
below) and when the same amount of electrical charge
Is caused to flow in a direction opposite to the above,
the ECD 1s brought back to the original non-colored
state (referred to as erasing hereinbelow). If the color-
ing is not very high in density, the relation between the
transmittance T(A) at a given wave length and amount
of charge o which has flowed per unit area is repre-
sented by the following equation

—log NMA)=¢€(A)-or

wherein the value €(A) has wavelength dependency
inherent in the EC substance, and was found to be in the
following range according to the measurement taken by
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the present inventors when the tungsten oxide WO3 was
employed as EC substance.

€(A =590 nm)=30~40 (cm2/coulomb)

In this case, mechanism of coloring is explained as fol-
lows,

W03+ xM+ +xe~ MxTWO3e, ™

M*+: H+.Lit-Nat K+ etc.

Meanwhile, if the ECD once colored is subsequently
cut off electrically from the driving circuit, with high
impedance maintained between the display electrode 2
and counter electrode 3, the colored state can be main-
tained from several hours to several days without con-
sumption of energy. The features of the ECD may be
summarized as follows.

(i) The ECD has an extremely wide viewing angle.

(i) The ECD has good contrast not dependent on the
viewing angle.

(1) The ECD can be driven at low voltage (less than
several volts).

(1v) The colored state of the ECD 1s maintained from
several hours to several days even after the impressed
voltage has been removed (memory effect).

(v} In the ECD, the density of coloring is determined
solely by the amount of electrical charge caused to
flow.

(vi) In the ECD, energy consumption is proportional
to area of display and the number of cycles of coloring
and color erasing.

For driving the ECD, the following three methods
may be employed.

(1) Constant potential driving method

In FIG. 2, the plus input of an amplifier 11 is con-
nected to ground through terminals U to which a volt-
age of set value is to be applied, while the minus input
of the amplifier 11 is coupled to the reference electrode
4 of the ECD, with the output of the same amplfier
being connected to the counter electrode 3. The display
electrode 2 is formed into a plurality of segments each
connected to ground through a segment selection
switch 12. It is to be noted here that when a plurality of
display electrodes 2 are formed so as to be properly
selected for being colored for indications of numerals,
symbols, letters, etc., each of such display electrodes 2
is referred to as a segment. In FIG. 3, there is shown one
example of pattern employing seven segments a, b, c, d,
e, f and g for displaying numerals from zero to nine.

By this arrangement, the voltage to be impressed on
the counter electrode 3 is controlled so that the poten-
tial difference between the display electrode 2 and ref-
erence electrode 4 becomes equal to the set voltage at
the terminals U. In the above case, if the potential of the
display electrode 2 with respect to the reference elec-
trode 4 is maintained at the predetermined value E,
(lower than the threshold value represented by E;), the
coloring of the ECD is started, while the color of the
ECD is bleached when the potential of the display
electrode 2 with respect to the reference electrode 4 is
maintained at the predetermined value E. higher than
said Ex. In FIG. 2, since the display electrode 2 1s
grounded, the potential of the display electrode 2 is
made low with respect to the reference electrode 4
when the voltage at the terminals U is positive.
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In FIG. 4, the relation between the equilibrium po-
tential E of the display electrode 2 and absorbance A
(which equals —log (light transmittance}) is shown.

For actually driving the ECD, setting the writing
potential E, to the equilibrium potential E, correspond-
ing to the coloring density desired is not practical, since
an excessively long period of time is required before
reaching the state of equilibrium. Accordingly, at the
time of writing, the potential is maintained at a potential
E,, (more positive in the value at the terminals U) lower
than the equilibrium potential E. corresponding to the
desired coloring density, while at the time of erasing, it
is maintained at a potential E, (more negative in the
value at the terminals U) higher than the threshold
potential E;;, and when the coloring density has
reached the predetermined density as the current flows,
the current is interrupted, with the segment selection
switch 12 opened for maintaining the memory state. Itis
to be noted that if the segment selection switch 12 1s
kept open during driving the colored state or the
bleached state is maintained as it is, even if other seg-
ments are driven. It should also be noted, however, that
in this type of display, it is impossible to erase other
segments during coloring of any one segment, so writ-
ing and erasing should be done at different time phases.

The method as described above has an advantage in
that decomposition of the electrolyte and deterioration
of the EC substance or electrodes can be prevented by
selecting the wniting potential E,, and erasing potential
E. to be in a potential range in which undesirable side
reactions will not be brought about. More specifically,
in the above selection, the writing potential E,, and the
erasing potential E, are chosen in such relations as E;.
1 <Eyand E, < Eg, where E;) and E; are the potentials
at which the side reactions are brought about. On the
contrary, in the method as described above in which the
potential at the counter electrode i1s not controlled,
flaws such as decomposition of the electrolyte, deterio-
ration of the counter electrode 3, etc., may be brought
about due to application of excessive voltage unless
charging and discharging are smoothly effected
through proper selection of reaction system in the
counter electrode. The problems as descnibed above,
however, may be prevented by limiting the range of
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voltage to be applied to the counter electrode 3 through 45

lowering the power source voltage at the amplifier 11,
etc. Additionally, from the viewpoint of circuit con-
struction, it i1s necessary to provide an analog circuit
capable of dealing with a large electric current to a
certain extent (several tens of mA per cm? of display
area). It 1s to be noted that the segment selection
switches 12 may be replaced by equivalent semi-con-
ductor switches for electronic switching over in’ the
constant potential driving method of FIG. 2 or in the
constant current driving method of FIGS. 5, 6 and 7
and constant voltage driving method of FIGS. 8 and 9
described hereinbelow. |

(2) Constant current driving method

In the constant current driving method in FIG. §, the
ECD is coupled to a constant current source 21 through
contacts for writing W, memory M and erasing E, and
contactors of a change-over switch 22 which are selec-
tively connected to corresponding writing and erasing
contacts W and E only during writing and erasing, and
which are cut off during memory. The above driving
method in which the amount of the charge to flow is set
to the desired amount has an advantage in that the col-
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oring density can be set to a prudetermined value, even
when voltage drop due to reststance of the electrode
lead-out portions or deviation in the characteristics of
the EC substance is present. In addition, if the counter
electrode 3 is grounded with a constant current source
being provided for each of the segments 2, it 1s possible
to color some of the segments 2, while other segments
are erased simultaneously.

The circuit in FIG. § may be modified as shown in
FIG. 6 1n which a constant current source capable of
varying current value depending on the number of seg-
ments (display area) to be driven is employed.

In FIG. §, the ECD 1s connected to the constant
current source. 21 whose current value is varied by
signals n of the number of driven segments from a
counting circuit 23 of the number of driven segments, to
which circuit 23, segment signals “Seg” are to be ap-
plied, while each of the display electrodes or segments
2 15 connected to the ground through the segment selec-
tion switch 12° which is coupled to the input side of the
counting circuit 23.

In the arrangement as described above, if there 1s any
slight difference in the setting of charge amount for
writing and erasing, such an error is accumulated at
every repetition of writing and erasing cycle, with the
reaction deviating to one direction. In other words, if
the amount of charge for writing is larger than that for
erasing, coloring is caused to proceed to such an extent
that perfect erasing can not be effected. On the con-
trary, if the amount of charge for erasing is larger than
that for writing, the current is caused to flow in even
after completion of the erasing, thus inevitably giving
rise to undesirable side reactions such as decomposition
of electrolyte, deterioration of electrodes, etc. In the
above case, when a side reaction starts to take place
with the erasing nearly completed, the potential at the
display electrode is suddenly raised, which fact may be
utthized to limit the range of voltage vanation at the
constant current source so that the potential of the dis-
play electrode does not exceed the potential at which
the side reaction starts to occur, with consequent sup-
pression of such side reaction.

In FIGS. 7(a), T(b) and 7(c), there are shown exam-
ples 21A, 21B and 21C, respectively, of circuit con-
struction of the constant current source 21'. In FIG.
T(a), the input terminal S is connected through a resis-
tance R to the bases of transistors Trl and Tr2 whose
emitters are connected to each other and to the ground,
while the collectors of the transistors Trl and Tr2 are
connected to the bases of transistors Tr3 and Tr4 re-
spectively. The collectors of the transistors Tr3 and
Tr4, connected to each other, are further connected to
the output terminal I,,;, with + V ccbeing connected to
a junction between the collector of the transistor Trl
and the base of the transistor Tr3 through a diode D1
and also to the emitter of the transistor Tr3, while

- —VEgEg1s connected to a junction between the collector

of the transistor Tr2 and the base of the transistor Tr4
through a diode D2 and also to the emitter of the tran-
sistor Tr4. In the modified circuit 21B of FIG. 7(b), the
grounding at the emitters of the transistors Tr1 and Tr2
is dispensed with, while the input terminal S described
as connected to the bases of the transistors Tr1 and Tr2

in FIG. 7(a) 1s modified to be connected through the
resistor R to the junction between the emitters of the
transistors Trl and Tr2, and the bases of the same tran-
sistors Trl and Tr2 are grounded, with a resistor Re
being further inserted between — V grand the emitter of
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the transistor Trd. Other construction of the circuit 21B
of F1G. 7(b) is the same as the circuit 21A in FIG. 7(a).
In the further modification 21C in FIG. 7(c), the diodes
D1 and D2, and the resistor Re described as employed
in the circuit of FIG. 7(b) are dispensed with for simpli-
fication. In either of the above circuits 1in FIGS. 7(a) to
7(c), a current proportional to the current flowing
through the terminal S is obtained at the output terminal

Lour
(3) Constant voltage driving method

In the constant voltage driving method of FIG. 8, the
constant current source 21 of FIGS. 5 and 6 is replaced
by a writing constant voltage source 31 and an erasing
constant voltage source 32 which are connected to the
counter electrode 3 and also to the display electrode or
segment 2 through a change-over switch 33 for switch-
ing over between the writing W, memory M and eras-
ing E. It is to be noted here that the writing voltage Vw
of the voltage source 31 needs not necessarily be made
equal to the erasing voltage Ve of the voltage source 32.
Although the writing voltage source 31 and erasing
voltage 32 are separately provided in the arrangement
of FIG. 8, the circuit construction may be modified as in
FIG. 9 in which lower voltage is obtained from a con-
stant voltage source 34 of higher voltage through
proper division by resistance, with the polarity being
changed over by the change-over switch 33’

In the constant voltage driving method as described
above also, high voltage must be impressed if charging
and discharging at the counter electrode 3 1s not
smoothly effected, thus presenting the possibility of an
undesirable side reaction. Meanwhile, the constant volt-
age driving method is advantageous when low power
consumption is aimed at as in the application of the
ECD to electronic appliances to be driven by batteries,
since the circuit construction for the constant voltage
driving method is simple as compared with those for the
constant potential and constant current driving methods
mentioned earlier, with the highest rate of utilization of
the power source energy.

The constant voltage driving method, however, has
such a disadvantage that, when the same material as the
EC substance used for the display electrode is employed
as reaction substance at the counter electrode, the den-
sity of coloring of the display electrode 2 depends on
the density of coloring of the EC substance at the
counter electrode 3 even if the same driving voltage is
applied.

Accordingly, an essential object of the present inven-
tion is to provide an improved driving method for elec-
trochromic display means (ECD) and the electrochro-
mic display means therefor through a further improve-
ment of the constant voltage driving method.

Another important object of the present invention is
to provide a driving method for electrochromic display
means and the electrochromic display means therefor of
the above described type which is free from nonuni-
formity in the density of coloring for display.

A further object of the present invention i1s to provide
a driving method for electrochromic display means and
the electrochromic display means therefor of the above
described type employing a simple circuit construction
with stable functioning.

A still further object of the present invention is to
provide a driving method for electrochromic display
means and the electrochromic display means therefor of
the above described type which is low in driving volt-
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age and power consumption, and particularly suitabie as
display means for portable electronic appliances and the
like driven by batteries.

In accomplishing these and other objects, according
to one preferred embodiment of the present invention,
the electrochromic display means includes an electro-
chromic display cell having a counter electrode and a
plurality of display electrodes, and a constant voltage
source coupled through switching means to the electro-
chromic display cell in such a manner that the display
electrodes to be colored are maintained at the same
potential as that of the counter electrode, while the
display electrodes to be erased are impressed with a
predetermined positive voltage with respect to the
counter electrode, by which arrangement, an improved
method of driving an electrochromic display means and
the electrochromic display means therefor which is
uniform in the density of coloring for display are advan-
tageously presented through simple construction.

These and other objects and features of the present
invention will become apparent from the following
description taken in conjunction  with the preferred
embodiment thereof with reference to the attached
drawings, in which: |

FIG. 1 is a schematic side view, partly in section,
showing a fundamental construction of an electrochro-
mic display (ECD) cell already referred to and em-
ployed in driving circuitry according to the present
invention;

FIG. 2 is an electrical circuit diagram showing a
circuit construction for a conventional constant poten-
tial driving method for an ECD which has already been
referred to;

FIG. 3 is a schematic diagram showing, on an en-
larged scale, a construction of an ECD segment pattern
already mentioned;

FIG. 4 is a graph showing the relation between the
equilibrium potential of display electrodes and absor-
bance;

FIG. § is a schematic circuit diagram showing a cir-
cuit construction for a conventional constant current
driving method for ECD which has also been already
referred to;

FIG. 6 is a similar diagram to FIG. §, but particularly
shows a modification thereof;

FIGS. 7(a) to 7(c) are electrical circuit diagrams
showing examples of conventional constant current
sources which may be employed in the circuits of
FIGS. § and 6;

FIG. 8 is an electrical circuit diagram showing a
circuit construction for a conventional constant voltage
driving method for an ECD which has been already
referred to;

FIG. 9 is a similar diagram to FIG. 8, but particularly
shows a modification thereof;

FIG. 10 is an electrical circuit diagram showing a
circuit construction for a driving method for an ECD
according to one preferred embodiment of the present
invention; and

FIG. 11 is a graph showing the relation between
potentials at respective electrodes and absorbance ac-
cording to the driving method of the present invention.

Before the description of the present invention pro-
ceeds, it is to be noted that like parts are designated by
like reference numerals throughout several views of the
accompanying drawings. |
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In the first place, the ECD employed in the driving

method of the present invention was prepared as fol-
lows. |

Onto a substrate made of soda-glass, In203 was de-
posited through electron beam evaporation to a film
thickness of 2,000 A for the formation of the transparent
conductive film thereat, with surface resistance of 20
{}/sq, and subsequently, WQO3 as the EC substance was
further deposited by thermal evaporation under the
depositing conditions of substrate temperature at 350°
C., film thickness of 5,000 A, deposition rate of 10 A/-
sec., and pressure of 5x 10—4% torr (O leak). WO3 was
deposited over the entire surface of the substrate for the
counter electrode 3, while mask deposition was effected
only at the segment portion of the substrate for the
display electrode 2, in which In;Q3 was further divided
into segments by the known photo-eiching method,
with a solution prepared by dissolving FeCl; into HCI
being employed as the etching solution of InyO3. Subse-
quently, epoxy resin was applied to leading-out portions
of the segments through screen printing for protection.
The substrate for the counter electrode 3 and the sub-
strate for the display electrode 2 prepared in the above
described manner are bonded to each other through
spacers of glass rod of ] mm square, with the electrolyte
being enclosed in the space between the electrodes 3
and 2. The electrolyte employed was prepared by mix-
ing BaSQOy4 for white background, at the weight ratio of
1:1, with a solution prepared by dissolving LiClO4 into
Cellosolve acetate (CH3COOC;H40OC;H5s) (name used
in trade and manufactured by UCC company of U.S.A.)
at a concentration of 1.0 mol/], with subsequent knead-
ing of the resultant mixture into a paste-like form. In the
above case, the reason for employing the white back-
ground is to make the coloring of the counter electrode
3 invisible from the side of the display electrode 2, and
also to improve the contrast ratio when the writing is
made at the same amount of charge. Actually to obtain
a certain contrast ratio, the ratio of required charge
density per unit display area among transmittive type,
specular reflection type and diffusive reflection type is
1:0.5:0.3 ~0.4 respectively, where contrast ratio is de-
fined as the ratio of light transmission or reflection
between in colored state and in color-erased state. From
the above, it is noted that the diffusive reflection type is
superior to the transmitting type or specular reflection
type. It should be noted here that in the case of the
diffusive reflection type, the contrast ratio is varied
depending on the property of the diffusive reflection
surface.

Referring to FIG. 10, there is shown a circuit dia-
gram for effecting the driving method according to the
present invention, by which the ECD cell prepared in
the above described manner is driven. In FIG. 10, the
negative terminal of the constant voltage source 34’ is
connected to the counter electrode 3 and to the writing
contact W, while the positive terminal of the same con-
stant voltage source 34’ is coupled to the segments 2 to
be selected through the segment selection switches 33"

each of which can be switched over between the eras-
ing contact E and writing contact W. The driving

method of the invention employing the circuit construc-
tion of FIG. 10 is characterized in that a predetermined
positive voltage V of the constant voltage source 34’ is
applied to the non-selected segments for maintaining
them 1n color-erased state, while the counter electrode
J 1s maintained in properly colored state. Subsequently,
when the change over switch 33" for the segment to
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which the writing is to be made i1s changed over to
render the particular segment to be of the same poten-
tial as the counter electrode 3, the segment is rapidly
colored at the same density as that in the counter elec-
trode 3. In this case, if the area of the counter electrode
3 1s made several times as large as that of the display
area of the segments, the difference of coloring density
due to the number of segments selected may be ne-
glected. It should be noted here that even if the erasing
voltage V is continuously applied to the non-selected
segments, power consumption is trivial, since residual
current flowing is very small after erasing is accom-
plished. Such residual current is considered to be of
such an extent as will compensate the discoloration of
the counter electrode 3 due to leak current and residual
oxygen etc., in the electrolyte.

Referring also to FIG. 11, there is shown the relation
between the absorbance and equilibrium potentials at
respective electrodes. In FIG. 11, the threshold poten-
tial i1s represented by E.;, potential of the counter elec-
trode by E., potentials of the segments at colored and
erased states by E,, and E,z; and voltage from the con-
stant voltage source by V respectively. According to
the experiments carried out by the present inventors, it
has been found that the voltage V suitable for the con-
stant voltage source is in the range of two to three volts,
with response times both for writing and erasing being
less than 300 m sec. and contrast ratio more than 5:1.
Evaluation for life has been currently continued by the
present inventors at more than 109 cycles. Meanwhile, it
has also been found in the above experiment that the
residual current after the erasing had been accom-
plished was less than 10 pA/cm? at 2.5 V. It is to be
noted here that the contrast ratio mentioned earlier
represents the ratio of integrated intensity of diffusive
reflection light at the colored state to that at non-col-
ored state when monochromatic light of 590 nm is per-
pendicularly incident upon the surface of the display
electrode.

It 1s to be noted here that the driving method of the
present invention described with reference to FIGS. 10
and 11 is equivalent to rendering the writing voltage
V. to be zero in the constant voltage driving method
described with reference to FIG. 8, and by this arrange-
ment, the number of the segment change over switches
can be reduced, with only one constant voltage source
being required, while the density of the coloring is ad-
vantageously made uniform, thus achieving remarkable
effects through simple construction. Furthermore, ac-
cording to the driving method and display means there-
for of the present invention, stable operation of the
ECD can readily be achieved by the simplified constant
voltage driving circuit.

Although the present invention has been fully de-
scribed by way of example with reference to the at-
tached drawings, it is to be noted that various changes
and modifications are apparent to those skilled in the
art. Therefore, unless otherwise such changes and mod-
ifications depart from the scope of the present inven-
tion, they should be construed as included therein.

What is claimed is:

1. An electrochromic display means comprising an
electrochromic display cell having a counter electrode
and display electrodes divided into a plurality of display
segments, said counter and display electrodes compris-
ing an electrochromic substance of a type having a
known coloration in a discharged condition;



4,217,579

9

electrolyte means contained within said electrochro-

mic display means;

said electrolyte means having opacity for visually

concealing said counter electrode from said display
electrodes; and

driving circuit means comprising a constant voltage

source means for driving said electrochromic dis-
play cell, and switching means having writing and
erasing contacts for selectively interconnecting
sald voltage source means with said cell;

said constant voltage source means having positive

and negative terminals and being connected at said
negative terminal thereof to said counter electrode
and to said writing contact of said switching
means, and at said positive terminal selectively to
sald display segments through said erasing contact
of said switching means for selectively maintaining
the said display segments being colored at the same
potential as that of said counter electrode and ap-
plying to the said display segments being erased a
predetermined positive voltage from said constant
voltage source with respect to said counter elec-
trode.

2. For an electrochromic display cell including a
counter electrode comprised of electrochromic mate-
rial, a plurality of display electrodes comprised of elec-
trochromic material of a type having a known color-
ation 1n a charged condition, means for maintaining the
counter electrode and the display electrodes at a fixed
distance therebetween, an electrolyte provided within
an opening between the counter electrode and the dis-
play electrodes, and opaque means contained within the
electrolyte to visually conceal the counter electrode
from the display electrodes, the method of driving said
electrochromic display cell comprising the steps of:

applying to those display electrodes to be erased a

predetermined positive voltage with respect to the
counter electrode to maintain the counter elec-
trode 1n a colored condition; and

applying to those display electrodes to be colored,

substantially the same potential as that applied to
said counter electrode, to transfer the colored con-
dition of said counter electrode to the said display
electrodes to be colored.

3. A method of driving the electrochromic display
cell as claimed in claim 2, wherein the area of said
counter electrode 1s made several times as large as the
display area of said display electrodes.

4. A method as claimed in claim 2, wherein said col-
oration of said display electrodes is accomplished by
connecting said display electrodes to be colored to said
counter electrode through a low impedance means.

3. A method as claimed in claim 4, wherein said elec-
trochromic material comprises a solid state film.

6. A method as claimed in claim §, wherein said solid
state film comprises a transition metal oxide.

7. A method as claimed in claim 6, wherein said tran-
sition metal oxide comprises tungsten oxide.

8. A method as claimed in claim 2, wherein those
display electrodes being erased have a predetermined
positive voltage impressed thereon, said positive volt-
age being applied until subsequent display information
1s provided to color said display electrodes.

9. A method as claimed in claim 4, wherein the dis-
play electrodes being erased have a predetermined posi-
tive voltage impressed thereon, said positive voltage
being applied until subsequent display information is
provided to color said display electrodes.

10. A method as claimed in claim 8, wherein the value
of the predetermined positive voltage is selected from a
value of two to three volts.
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11. An electrochromic display comprising:

a counter electrode comprised of electrochromic
material;

a plurality of display electrodes each comprised of
electrochromic material of a type having a known
coloration in a charged condition;

means for maintaining the counter electrode and the
display electrodes at a fixed distance therebetween,;

an electrolyte provided within an opening between
the counter electrode and the display electrodes;

opaque means contained within the electrolyte to
visually conceal the counter electrode from the
display electrodes;

constant voltage source means for driving said dis-
play; and

switching means interconnecting said constant volt-
age source means to said electrochromic display
such that those display electrodes to be colored are
placed at the same potential as that of the counter
electrode and those display electrodes to be erased
are impressed with a predetermined positive volt-
age with respect to the counter electrode such that
said counter electrode 1s maintained in a colored
condition. -

12. An electrochromic display means as claimed in
claim 11, wherein said switching means is a change-over
switch.

13. An electrochromic display means as claimed in
claim 11, wherein said switching means is a semi-con-
ductor switch.

14. An electrochromic display in accordance with
claim 11, wherein the area of said counter electrode is
several times as large as the display area of said display
electrodes.

- 15. An electrochromic display in accordance with
ciaim 11, which further includes a low impedance path,
and wherein said display electrodes are held at the same
potential with respect to said counter electrode by said
switching means connecting said display electrodes to
said counter electrode through said low impedance
path.

16. An electrochromic display in accordance with
claim 11, wherein said electrochromic material com-
prises a solid state film.

17. An electrochromic display in accordance with
claim 16, wherein said solid state film comprises a tran-
sition metal oxide.

18. An electrochromic display in accordance with
claim 17, wherein said transition metal oxide comprises
tungsten oxide.

19. An electrochromic display in accordance with
claim 11, wherein said predetermined positive voltage is
selected from a value of two to three volts.

20. An electrochromic display means in accordance
with claim 1, which further includes a low impedance
path, and wherein said display electrodes are colored by
said switching means connecting said display electrodes
to said counter electrode through said low impedance
path.

21. An electrochromic display means in accordance
with claim 1, wherein said predetermined positive volt-
age 1s selected from a value of two or three volts.

22. An electrochromic display means in accordance
with claim 1, wherein said electrochromic substance
comprises a solid state film.

23. An electrochromic display means in accordance
with claim 22, wherein said solid state film comprises a
transition metal oxide.

24. An electrochromic display means in accordance
with claim 23, wherein said transition metal oxide com-

prises tungsten oxide.
% N % % W
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